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In this article the market and technical trends 
prevalent in the evolving GaAs analogue 
business are overviewed. This is timely in 
view of what in some quarters is regarded as 
a likely return to form for the market. 
However, there are industry observers which 
view the market as having particular chal- 
lenges for GaAs microelectronic devices. 
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In some quarters of the media there has always 
been a grudge against GaAs. Now more than ever, 
they say, GaAs could be said to be under threat. It 
is surrounded and its market sector is under 
attack from all from all sides.This ituation is 
depicted in Figure 1. Conversely, these technolo- 
gies are aiming to be the link to the practical 
commercial realisation of the single chip radio. 
This may look fme in principle but it is likely to 
be tmattainable thanks to the shortcomings of
each of the technologies under consideration. 
This article and perhaps this magazine are not the 
place for an in-depth technical discussion of the 
topic but some points are worthy of merit. 
Should readers have a point to make in any 
respect hen I am sure that the new Editor would 
be only too happy to start up a letters page! 
Com petition growing 
Given the bias of the coverage in III-Vs Review 
we will of course be stressing the advantages of
GaAs and InP Nevertheless, these two com- 
pounds and the alloys made from the combina- 
tion thereof will find themselves in contention 
for certain market segments in due course. For 
example, the metamorphic structures whereby 
InP can exploit the superior substrate offerings 
of GaAs such as larger diameters.Through this 
combination high frequency (> 10 GHz) perform- 
ance can be achieved and if required optoelec- 
tronic devices can be formed alongside ampli- 
fiers and passive components.The teaming of 
these materials would thus seem to have much 
to offer for the monolithic integration of 
components for high speed datacoms. Similar 
logic might also be applied to the manufacture 
of components  for automotive radars and so on. 
Having recently completed a market report on 
SiGe*, I was under the sway of the proponents 
of this technology for a while. Quite rightly the 
enthusiasts see some good market opportunit ies 
for their products which they intend to pene- 
trate the market segments where GaAs presently 
holds sway. SiGe is, generally speaking, a replace- 
ment market opportunist. Critical to its success 
is ousting the established markets of other semi- 
conductors. GaAs device manufacturers have 
already had to retreat under the onslaught of the 
first generation of silicon devices in some cases. 
This is most notable at the lower microwave fre- 
quencies and in the receiver side of such circuit- 
ry. It is nothing new as there has long been a 
battle for product insertion with GaAs vs. bipo- 
lar silicon.This dates back to the early days of 
digital parts for high-speed computing.Today it 
is a battleground in 10 Gbit/s datacoms where 
GaAs parts are now being ousted by silicon 
offerings.These come from a growing number 
of vendors ome of whom were previously 
dedicated to GaAs. 
Thanks to heteroepitaxy growth the GaAs business 
could also find itself" being transmuted so to speak: 
• The Motorola process whereby GaAs can be 
grown on silicon 
• The metamorphic growth of lnP on GaAs 
These are still at the development s age of 
course but hold considerable promise or threat 
depending on your viewpoint. 
Silicon and SiGe 
Today it is more a matter of anah)g parts in 
mobile communications and digital-type parts for 
I I I -Vs REVIEW Tt~E ADVAN( ~i f) S~ t~1~ O#~DU l 0£  #~A{~Z~N!: VOL ~6 - NO ~ - JAN/FEB 2003 
! !i [: { ;e y F OC.U  S 
fibre networks. Generally, CMOS was not consid- 
ered a threat but this has proved to be in error. If 
you look at the technical achievement by compa- 
nies with 2.4 GHz components for Bluetooth, at 
one time this was thought o be impractical let 
alone a commercial success. Even they are look- 
ing to other technologies for improved perform- 
ante and maybe even economics.An example of 
this being the recent partnership between the 
leader in single-chip Bluetooth, Cambridge 
Silicon Radio, and SiGe Semiconductor. For the 
future this does seem unlikely ever to include 
GaAs.The word is that GaAs simply cannot com- 
pete where integration of tens of thousands of 
transistors are concerned. 
While it clearly has the advantage for now in the 
area of power amplification, GaAs also has a 
drawback as regards handling the resultant heat 
from power output. Heatsinks are required 
which add to the design difficulty and mantffac- 
turing costs. 
On the other hand silicon is far from the ideal as 
regards operation at high frequencies. Plus it is 
less suitable for optoelectronic integration. 
Silicon wafers are available in larger diameters 
than the III-Vs. For the larger area chip die that 
are typical of today's analog MMICs large area 
substrates are vital.This is especially so when 
the associated on-chip passive components  
such as capacitors and inductors take up a 
larger area than equivalents for GaAs. Basically, 
all the contenders have some good characteris- 
tics and equally so they have accompanying 
drawbacks. 
Thus it is by no means a simple matter of per- 
formance achievement asthe star papers in the lit- 
erature and at conferences so often wish for us to 
believe. Such results may be impressive in them- 
selves but are some way off being translated into a 
viable contribution to the commercial world. 
In summary it is the contention that Ga_As will 
remain an important semiconductor in several 
key applications. Most importantl b the current 
handful of companies offering MMIC PAs can 
h)ok lbrward to further good business as the 
market recovery gets underway. But they are not 
resting on the promise of future business, they 
are constantly seeking to build on this as the 
handset business continues to develop. Not only 
are they having to improve the materials and 
chip design but also synergistically develop them 
with associated technologies such as inductors, 
SAW filters and so on. 
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Figure 1. GaAs under threat: this diagram is intended as a schematic representation of  the 
current situation facing GaAs chip suppliers These companies have developed and are imple- 
menting strategies to counter the threat. Indeed, they are meeting the challenges of the 
future marketplace by incorporating the newer materials into their portfolios. Diversification is 
one of the words of  the moment as companies now offer SiGe and InP device technologies as 
a complement o the core GaAs offerings. Various routes such as new acquisitions, in-house 
R&D and partnerships are achieving thls. 
Indeed, they have to offer a modular product or 
PA Module (PAM).The core technology will be 
the GaAs-based PA MMIC.This will likely be the 
critical component  as regards gaining the inser- 
tion contract with the OEM. Nevertheless, its 
development cannot be perfected in isolation 
and companies have to bring in-house comple- 
mentary technical capabil it ies.These range from 
SAW filters through dielectric suhstrate materi- 
als to automated component  assembly. In many 
cases these were previously alien to the chip 
company.They are choosing a variety of routes 
to accelerate the transition from a 'pure play' 
GaAs chip maker to a competent  and competi- 
tive player the OEM will want to work very 
closely with in a secure and responsive 
manner. Only through such capabilities and 
co-operation will both the OEM and module 
maker meet market demands and create a 
successful business. 
Factors in growth 
New market reports from Strategy Analytics con- 
firm the general observations about the future 
business prospects for GaAs MMI('s. One report, 
RF Components  Demand f rom Cellular 
Handsets, says that handsets shipment volumes 
have recovered and should increase at 13"/,, p.a. 
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Figure 2. Strategy Analytics 
market forecast: the 2001 
worldwide GaAs microelec- 
tronics device (discretes, digi- 
tal and MMIC) merchant mar- 
ket was $2.4 billion, a decline 
of 33% over the 2000 market 
of $3.2 bilhon. The worldwide 
GaAs device merchant 
market is lorecast to grow 
ata  CAAGR of 11% 
through to 2006. 
The digital GaAs tC merchant 
market declined by 54% in 
value in 2001 compared with 
2000 Strategy Analytics does 
not expect the market for 
digital GaAs ICs to recover 
from the 2001 downturn in 
the telecoms industry 
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over the next five years, see Figure 2. However, 
continued erosion in component  prices will 
nearly offset this growth, says one of the report's 
authors, Stephen Entwistle."The xception will 
be in the $1.2 billion market for handset power 
amplifiers, which will grow at 8% per year from 
2002 to 2007. 
While declining ASPs will limit opportunities, 
integration and added functionality, in PAMs will 
help shore up prices and make this the fastest 
growing segment in handsets. In the future, PAMs 
will incorporate more of the handset's front-end 
RF switches, control circuits, passives and filter 
elements in a single package. 
"Silicon BiCMOS has rapidly displaced GaAs in 
cel lphones.The exceptkm to this is in PAs where 
G',tAs has gained share, and the growth in the 
popularity of modules has given the leading sup- 
plier RF Micro Devices the opportunity to 
increase its share of the market." 
New PAMs have started to include antenna 
switch and other functions, and this is offsetting 
price declines, says Entwistle."Our detailed 
forecast shows that this trend will make PA 
modules the Iastest growing revenue segment in 
handsets 2 
In the second report,"GaAs Industry Forecast: 
2001-2006" Strategy Analytics forecasts mixed for- 
tunes within the GaAs industry. Confirming the 
earlier statements, while the market for GaAs 
MMICs is recovering, new higher speed digital 
silicon has taken over digital GaAs IC design 
sockets in telecoms and datacoms. 
"For the materials markets, the continued shift 
towards HBT and HEMT devices will allow the 
epitaxial substrates market o demonstrate high 
growth rates compared to the bulk substrates 
market," said AsifAnwar of Strategy Analytics. 
The cellphone market will continue to  dominate 
the wireless application space and GaAs MMICs. 
"Increased GaAs penetration for the PA function 
in handsets will drive this growth. By 2007, we 
expects PAs to account for nearly 100% of the 
revenue from GaAs in handsets. Furthermore, 
GaAs MMIC demand from automotive radar will 
increase rapidly. Long-range 77 GHz autonomous 
cruise control is reaching mainstream ass-pro- 
duction vehicles. Meanwhile, shorter-range 17/24 
GHz systems have also started to reach the com- 
mercial markets as 'backing aids' on vehicles in 
North America". 
Chip sets and hybrids 
Today's market is characterised by availability of 
a wider than ever range of GaAs-based analog 
product families.The discrete components  such 
as FETs and HBTs continue to be favoured for 
some applications either as standalone or incor- 
porated in sub-assemblies or modules.The next 
level is the MMIC containing several functional 
units on-chip.These devices currently dominate 
the marketplace.They are available ither as 
standalone functional units or as part of multiple 
device products.The latter include chip sets, i.e. 
usually three ICs offered as a single product, 
or within customer- or application-specific 
modules. 
Motorola, and a small number of other players, 
have begun to commercialise mixed technology 
chip sets. Last year it produced a chip set which 
brought ogether its complementary GaAs and 
SiGe IC technologies. Motorola describes this as 
a 'technology demonstrator' which was produced 
for specific customer requirement. I  does, how- 
ever, indicate a trend within the industry for get- 
ting the best out of more than one technologies 
to solve a particular market application.We 
expect o see more of these solutions as other 
companies bring their multiple semiconductor 
technologies to the market. As far as we aware 
the market has yet to see a commercial product 
exph)iting more than two technologies. In due 
course, however, a chipset having a SiC or GaN 
device alongside silicon and or GaAs, perhaps in 
a basestation application. Meeting the differing 
needs for supply voltages would of course pres- 
ent a technical challenge but not an insurmount- 
able one. 
As for modules, these are predominantly based 
around an amplifier and incorporate the requi- 
site passive and filter components.  In this 
respect hey appear to be fairly simple but 
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represent considerable investment by their man- 
ufacturers.They are the first iteration of a rela- 
tively new market phenomenon but further evo- 
lution is expected as designers and technolo- 
gists become more adept at designing them into 
systems. One of the key trends in the past cou- 
ple of  years has been for further hybrid integra- 
tion of components.  Such integration is now not 
restricted to one tTpe of semiconductor technol- 
ogy. In order to obtain the opt imum perform- 
ante this requires integration of what used to be 
thought of as incompatible processes such as 
GaAs and silicon.An example of such a concept  
is shown in Figure 3 which shows a single-pack- 
age integration of a 5 GHz WLAN RF module 
with patch antenna nd 20dBm power  amplifier. 
This was designed and built by researchers at
Belgium's IMEC who used it to demonstrate 
their 'system-in-a-package' pproach. They see 
this as the first step towards integrating the 
complete front-end and the digital part of a 
transceiver. Such heterogeneous systems will be 
necessary to meet the high demands of emerg- 
ing telecom standards. 
In October last year Sk}~vorks Solutions 
launched two highly-integrated antenna switch 
modules designed fi~r next-generation handsets. 
These antenna switch modules perform transmit 
and receive switching as well as band switching 
while filtering PA harmonics and are a key com- 
ponent in reducing a handset's system complexi- 
ty.The Sk3~vorks'AMl07-602 andAMl08-603 
switch modules upport all key wireless tan- 
dards as well as the stringent cost and small-size 
requirements of global handset manufacturers. 
These modules exploit the company's low tem- 
perature co-fired ceramics (LTCC) technology. 
This was obtained via acquisition of Aimta Inc., 
earlier in 2002. "The LTCC improves ystem inte- 
gration levels, enhances performance and 
increases user talk time," says David Fryklund, 
Skyworks'VP of switch and control products. 
"Our multi-chip module expertise in GaAs 
PHEMT, silicon decoder ICs and now LTCC, 
allows our customers to shrink board space, 
reduce power consumption and simplify 
handset design," 
"Today's mobile-phone manufacturers increasing- 
ly look to modules as a way of simplifying their 
design and production process and guaranteeing 
RF performance," said Thierry Laurent, senior VP 
of mobile communications, Philips 
Semiconductors at the time of the company's 
Figure 3. The complete IMEC BGA package. the demanding requirements of emerging tele- 
corn standards will compel designers to conceive transceivers that integrate building blocks 
designed in different technologies. Such heterogeneous ystems, together with the need for 
miniaturisation, require packaging and integration techniques more involved than all current 
reported work. By using IMEC's multilayer thin film technology (MEM-D) and its knowledge in 
assembling techniques, a GaAs power amplifier, a GaAs switch, a patch antenna and high- 
quafity RF MCM-D filters together with a BiCMOS IC have been integrated in a single pack- 
age. In order to demonstrate this so called 'system-in-a-package" (SIP) approach, IMEC 
realised the first section of a transceiver for 5 GHz WLAN applications. MEM-D is an intercon- 
nection technology with high-quafity integrated passives, where chips can be mounted 
through a flip-chip technique. The MCM-D module is further mounted on a BGA laminate 
with bond-wire connections together with a flip-ch@ped GaAs power ampfifier The power 
ampfifier requires an external matching network, which has been designed on the MCM-D 
substrate. The 30 x 30 x 4.3 mm 3 package is further mounted on a PCB for measurement 
tests. Measured transfer characteristics both in receive and in transmit chains show that a 
BGA package together with IC and MCM-D technology is a valuable solution for the integra- 
tion of a wireless system. This is the first step towards a SiP that would include the complete 
front-end as well as the digital part of the transceiver 
announcement of a supply partnership with 
TriQuint Semiconductor last summer."In a mod- 
ule you have the opportunity to mix a range of 
technologies in order to offer customers the very 
best price:performance ratio. Philips believes 
that InGaP HBT is the best technology with 
which to implement components such as the 
output stage of linear and highly efficient PA 
modules and front-end modules." 
GaAs is still hard to beat in some key insertions 
and it is logical to develop mutually supportive 
technologies so as to meet customer require- 
ments in neat single units.This not only eases the 
sourcing of components for a given design but 
also the assembly operation where so much of 
the manufacturing cost lies. 
InP comes into play 
A topical illustration of the trends within the 
industry for GaAs company diversification is that 
of Vitesse Semiconductor.The US company has a 
long history of success in merchant G',tAs IC 
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Vitesse has produced the industry's most complex InP IC 
which contains close to 5000 HBTs. The silicon-like inter- 
connect and volume manufacturing capability makes this 
process technology ideal for many applications requiring 
the performance or optoelectronic properties of InP such 
as high-voltage drivers, high-frequency amplifiers, high- 
speed DACs and ADCs, adaptive RF electronics, automo- 
tive radar, low loss waveguides and optical components 
such as photodetectors. 
manufacturing and has over the years added 
extensive silicon ('MOS capabilities and cus- 
tomer base.As the New Year began it became the 
first company to provide InP HBT foundry serv- 
ices through MOSIS, a provider of protolyping 
and small-volume production services for IC and 
optical IC development. 
"Working directly with MOSIS, customers will 
have access to Vitesse's proprietary InP VIP-1 
technology.This process has been qualified for 
production usage," said Ray Milano,VP of Physical 
Media Devices at Vitesse. 
Vitesse is building on its past success in the 
manufacturing of III-V ICs to make a cost-effec- 
tive InP IC technology available to a broad user 
base."Access to w)lume manufacturing capability 
at a low cost and fast turnaround time is key 
to the wide spread adoption and usage of InP 
technology." 
To demonstrate he abilities of the process, 
Vitessc produced the industry's most c 
omplex lnP IC, a 40 Gbit/s 16:1 MUX with 
integrated PRBS 2(31)-1 generator, see Figure 4, 
which contains close to five thousand HBTs. 
Vitcsse will continue to advance the uses of InP 
technology through the development of the 
next generation process:VIP-2, a dual HBT InP 
process with ft = 300 GHz and BVCEO in 
excess of 10 V. 
Conclusions 
Companies are diversifying to meet the chal- 
lenges of the future marketplace.The con- 
tentious issue is, however, less about technology 
and more about the function.These once GaAs- 
only companies are merging or allying with 
other specialists so as to offer the best mix of 
technology to the OEMs who arc increasingly 
reluctant to provide these in-house.The business 
is dew)lving more into the hands of the chip- 
based company tier.They are adding value gain- 
ing more revenue through completing more of 
the task. 
There has been a switch away from captive to 
more merchant and this has been in keeping 
with the moves to more of the total responsibil- 
ity being outsourced. Of course, the burden of 
having a fab means you have to keep it filled. 
But such has been the narrowness of margins 
even on fairly advanced and hence demanding 
chips that profitability has been elusive for 
most players.Through diversification and taking 
on more of the assembly and design, these com- 
panies are looking to find a way out of this 
dilemma. 
Indeed, some companies which started out as 
pure-play GaAs-only supplies have diversified. 
This diversification was demanded by the cus- 
tomer base, or so we were led to believe. It has 
proceeded to a greater or lesser degree depend- 
ing on which company is in the spotlight.Via 
acquisitions or mergers companies such as 
Sk~wvorks,TQS and RFMD have become amongst 
the most diversified companies in the market 
seemingly overnight.Yet their core business 
would seem to have to remain GaAs-based RF PA 
products, notably PA modules.Thus we anticipate 
a brighter than might have earlier been expected 
future for GaAs technologies. Blending these 
with complementary III-V technologies such as 
InP and GaN together with once alien technolo- 
gies of silicon such as SiGe and maybe also SOl, 
the future seems a better prospect han may 
have done a year ago. 
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